Pomegranate peel extracts (PPE) In conclusion, our results demonstrated that PPE through its antioxidant action efficiently improve the liver toxicity induced by CCl4.
INTRODUCTION
Various pharmaceutical substances and chemicals may induce diverse levels of hepatopathy, from asymptomatic hepatic lesions to extensive liver necrosis. Carbon tetrachloride (CCl 4 ), is well known hepato-destructive agent that is widely used to induce toxic liver damage in a range of laboratory animals [1] .The toxic effects in liver such as fatty degeneration, centrilobular necrosis followed by hepatic fibrosis, hepatocellular apoptosis and carcinogenicity have been associated with CCl 4 toxicity [2] . Foods rich in natural antioxidants have been proposed as an tool to prevent and cure liver damage [3] . Punica granatum (PG), commonly known as pomegranate, is a shrub or a small tree, native to the Mediterranean area. A number of biological activities have been reported on various extracts/constituents of different parts of this plant such as, antibacterial [4] antifungal [5] , antiulcer [6] and antitumour [7] . Recently, the antioxidant activity of pomegranate is obvious among in pomegranate fruit, juice and peel [8] , this is due to that Pomegranate contains large amounts of polyphenols and flavonoid [9] . Pomegranate peel extracts (PPE) with large quantity of flavonoids and tannins have been shown a high antioxidant activity in several studies [10] . In addition Pomegranate peel is branded for its many health promoting qualities and apparent wound-healing properties [11] anticancer property [7, 12] , antiatherosclerotic and antioxidative capacities [13] . Furthermore, recent many studies have proved the hepatoprotective property of pomegranate that possesses certain hepato-protective properties that making it an significant therapeutic agent in the treatment of hepatic fibrosis and oxidative damage [14] . [15] demonstrated the antioxidant activity of PPE accompanied with radio-protective and antifibrotic properties. Moreover, [16, 17] mentioned the protective role of pomegranate on fatty liver in obesity through improvement of abnormal lipid metabolism. Previous studies have demonstrated that PPE prevent CCl4 toxicity, particularly hepatotoxicity, by enhancing both alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities [18, 19] , inhibition of collagen synthesis [20] , increasing antioxidant enzyme activity and inhibiting lipid peroxidation [21] .
The objective of the present study was to assess the protective effects of pomegranate peel extract against the toxic effects of carbon tetrachloride (CCl4) in liver of mice.
MATERIALS AND METHODS

Preparation of the Plant Extract
An aqueous extract of the P. granatum peel was used in this experiment. The extract was produced from the dry peel of pomegranate that purchased from a commercial market, Hail, Saudi Arabia. The peels were washed with water, dried, fragmented, and then grinded to produce powder. One liter of warm boiling water (100c degree) was added to 1 kg of peel powder and kept in closed container in the laboratory for 6 hours. The solvent was filtered and concerted on water bath to produce 100 mg peel extract from 1kg of dry peel. The herb/extract ratio was then 10/1. The PPE solution 10% was produced, finally, each 8 cc of the water extract contained 6 g of the dry peel [22] .
Experiment Design
The present experimental study was applied on cd-1 mice, among an average body weight of 20 to 30 grams obtained from the breeding unit of King Saud University, Rhyaid, KSA. Female mice were housed in wire cages and kept under conditions of regular light/dark cycles. The animals were fed on cubes containing crude protein, minerals and fibers. Vitamins were added as bright vegetables and the mice were provided with milk and tap water adlibitum. The animals were divided into four groups; the first group is the control group (GI). The second group (GII) was given a daily oral dose of peel extract only (400 mg/kg) for 15 days. The third group (GIII) the animals received a mixture of 1 ml/kg of CCl4 (Merck, Germany) and sterile olive oil [1:1(v/v)] two times a week for 15 days intraperitoneally (IP). The fourth group (GIV) the animals received a mixture of 1 ml/kg. of CCl4 (Merck, Germany) and sterile olive oil [1:1(v/v)] two times a week intraperitoneally (IP) with a daily oral dose of peel extract only (400 mg/kg) for 15 days [23] .
Blood Sample Collection
The mice were anesthetized by means of chloroform at the end of the experiment and blood was drawn from the heart and collected in vacuum tube clot activator. Then the blood samples were centrifuged at 3500 rpm for 10 min in a centrifuge to separate the serum. The both levels of Aspartate aminotransferase (AST) and Alanine amino transferase enzymes (ALT) were measured using commercial kits from Reflotron and Liquicolor Analyticals. All assessment assays and kits were performed in conformity with manufacturers' instructions and protocols.
Histological Examination
The mice liver tissues of both control and experimental groups were fixed in 10% formalin for 48 hr, after which they were kept in 70% alcohol. Then the specimens were dehydrated by ascending series of alcohol, one hour each, cleared in terpineol for 3 days and embedded in 3 changes of pure paraffin wax, one hour each. Sections, 5 microns thick, were cut and mounted on clean glass slides. The paraffin sections were stained with Harris's hematoxylin and eosin, cleared in xylol and mounted [24] . Sections of liver of the different groups were carefully examined and photomicrographs were made as requested.
Mallory Triple Stain for Fibers
Mallory's trichrome stain for demonstrating collagen fibers [25] .
Immunohistochemistry Examination
Immunohistochemical staining of anti-caspase-3 antibody was performed by streptoavidin-biotin. The liver sections of 4 μm in thickness were deparaffinized and incubated with fresh 0.3% hydrogen peroxide in the methanol for 30 minutes at room temperature. The hepatic specimens were incubated with anti-caspase-3 antibody as primer antibody at 1/100 dilutions. Then, the specimens were counterstained with hematoxylin and eosin stains.The Negative controls were prepared by substituting normal mice serum for each primary antibody [26] .
Statistical Analysis
The values were articulated as mean ± SEM. Moreover, the statistical analyses were performed by the one way analysis of variance (ANOVA), (P values) ≤ 0.05 were measured as significant values.
RESUTLS
Biochemical Analysis
Table-1 shows serum activities of AST and ALT levels of mice in control, PPE, CCl 4 and CCl 4 + PPE groups. Significant increases (P<0.05) were recorded in serum activities of AST and ALT levels due to the administration of CCl 4 by 7.15 fold and 5 folds respectively as compared to the control group. However, the concomitant administration of PPE (400 mg/kg) with CCl 4 (1 mg/kg) alleviated the elevated levels of serum activities of AST and ALT induced by CCl 4 significantly. In the group (IV), the inhibitory effects of pomegranate peel aqueous extract have a highly potent effect on the serum activities of AST and ALT levels compared to CCl 4 -treated group and restored AST and ALT levels to nearly normal as compared to mice in the control group. On the other hand, the PPE-treated group did not illustrate any significant (p>0.05) change in the levels of serum activities of AST and ALT compared to control. 
Table1. Effects of Pomegranate peel extract (PPE) and /or CCl 4 administration on Serum activities of AST and ALT levels in mice.
Parameters
Histological Results
Liver sections from the control group showed a normal histological appearance (Fig. 3a) in which, regular morphology of liver lobules with well designated hepatic cells and hepatic sinusoids. Also, liver sections obtained from mice treated with PPE alone showed more or less normal appearance with some cellular swelling, cytoplasmic vacuolization and granulation. The nuclei appeared mostly normal (Fig.3b) . However, liver sections of mice treated with CCl 4 demonstrated disrupted hepatic lobule structure, fatty degeneration, diffuse ballooning and lipid degeneration, severe necrosis, loosening of hepatic cells and large number of inflammatory cells infiltrated into necrotic lesion area (Fig.3c) . The treatment of CCl 4 -treated group with PPE showed somewhat reversed the hepatic lesions induced by CCl 4 alone. The liver tissue appeared in an intact architecture with some normal nuclei and less ballooning, degenerated areas and fatty degeneration than those observed in CCl 4 -treated group. But the pale stained hepatocytes with vacuolization, necrotic cells and numbers of inflammatory cells infiltration were still observed (Fig.3d) . 
alone. However, pale stained hepatocytes with cytoplasmic vacuolization, necrotic cells (n) and numbers of inflammatory cells infiltration (arrow) were still detected (40X).
Mallory's Trichrome-Stained Tissues
The alternations induced in the connective tissue especially within the collagen fibers in liver tissues in both control and treated groups were investigated by Mallory's trichrome technique (Fig. 2) . Hepatic tissues of control sections revealed blue stained collagen fibers within the portal areas, around the central veins and scattered fibers at the lining of the hepatic sinusoids (Fig.4a) . The collagen fibers in liver tissues of mice treated with PPE were more or less similar to those of the control sections (Fig.4b) . The portal areas of CCl 4 -treated group indicated highly increase of the collagen fibers noticed around branches of the portal veins which exhibited a very thick lining epithelium and scattered fibers were observed at the lining of the hepatic sinusoids (Fig. 4c) . Also numerous hemorrhagic areas were observed. Figure (4d) showing decreased in the collagen fibers content of both peel plus CCl4 treated mice as compared to those observed in CCl4 alone. 
.treated mice showed extensive increased collagenous bundles throughout the tissue (cf). Also numerous hemorrhagic areas could be detected (arrow) (40X). Fig. (4d): PPE+ CCl 4 group showing some collagenous fibers surrounding the central vein (arrow) of peel plus CCl 4 . treated mice (40X).
Immunohistochemical Results
CCl 4 treatment produced intensive increased in the amount of Caspase-3 in mice (Fig.5c ) indicated by the intensive brown stain as compared to normal control group (Fig. 5a ). The administration of peel extract only showed also more or less normal appearance of Caspase-3 (Fig. 5b) . The treatment of mice with peel extract plus CCl 4 also exhibited slight decrease in the Caspase -3 amounts indicated by less intense brown color compared to those of CCl4 group only indicating incomplete heeling for CCl 4 pathological effects by the used dose or duration of the peel extract (Fig.5d ). 
DISCUSSION
CCl 4 has been one of the most intensively studied hepatotoxicants and it consistently produces liver injury in many species [27] . Acute poisoning with CCl 4 becomes manifested as a multisystem disorder, involving the liver, kidneys, brain, lungs, adrenal glands, and myocardium [28] .The present study demonstrates the ameliorated role of pomegranate peel aqueous extract against the effects carbon tetrachloride-induced hepatotoxicity.
In the present study, CCl 4 -treated group showed acute hepatotoxic effects of CCl 4 as a significant increase in liver enzymes (AST and ALT) which confirmed by the histopathological results that showed considerable structural changes including, fatty degeneration, severely necrosis, cytoplasm loosening of hepatic cells and massive number of inflammatory cells infiltration. These results are in accordance with other findings showing that histopathological alternations in the liver tissue are accompanied with an increase in the levels of serum levels of AST and ALT [29, 30] . However, the elevated levels of serum marker enzymes may explain cell membrane break down and cell death [31] .
The hepatotoxic effect of CCl4 detected in the present study might be due to oxidative stress of CCl4 which induces reactive oxygen species (ROS) and depletes antioxidant defenses, including antioxidant enzymes and their substrates causing oxidative stress in multiple tissues [32] . The same authors reported that the mechanism of CCl 4 injury involves oxidative damage by metabolism of CCl 4 to trichloromethyl radical (CCl 3 ) which is subsequently changed into more destructive trichloromethyl peroxy radical (CCl 3 OO) in hepatocytes. These radicals initiate lipid peroxidation chain reactions causing severe cellular damage, which induces the progress of fibrosis in the liver.
It was shown in this study that the significant elevation in serum ALT and AST activities were noted in mice treated with CCl 4 were ameliorated by administration of the PPE. Also, the hepato protective effects of EPP were further evidenced by obvious improvement in histopathological examination. These findings are in agreement with those of [19, 33] who found that administration of pomegranate peel extract significantly reduced the damaging impact of CCl 4 on the liver. These results provided evidence that the PPE is able to improve hepatic steatosis in mice without obvious hepatotoxicity. The effect of Punica granatum on liver enzymes could be attributed to the antioxidant activity of its active constituents. All of Pomegranate juice or peel or seeds have a powerful antioxidant activity due to their active compounds that are certain electron donors, which can react with the free radicals to change them to more stable products and terminate the radical chain reaction [19, 21, 34] . These results are probably attributed to its linolenic acid and phenolic compounds contained in this Pomegranate plant. EPP mainly have total phenolics, including mainly hydrolysable tannins (ellagitannins), such as oligomers and punicalagin/punicalin [35] . The same authors added that, the antioxidant activity of both linolenic acid and phenolics are mainly due to their redox characteristics, which allow them to do as reducing agents, metal chelators, hydrogen donors and singlet oxygen quenchers. Previous studies have demonstrated that Pomegranate Peel has anti-inflammatory, antioxidant, and anti-fibrotic activity [36, 37] .
In the present study, CCl 4 -treated group, investigated by Mallory's trichrome technique illustrated highly increase of the collagen fibers noticed around branches of the portal veins. Similar results were reported by many authors using CCl 4 to induce liver fibrosis in animals. In this regard, [38] reported that liver fibrosis induced by CCl 4 is associated with severe lipid peroxidation and antioxidants depletion which caused by damage in the cell membrane and organelles of hepatocytes. The CCl 4 is metabolized by cytochrome P450 to format reactive trichloromethyl radical (CCl 3 ) and trichloromethyl peroxyl radical (CCl3O2). Both radicals have a good ability to binding to DNA, lipids, carbohydrates or proteins, causing lipid peroxidation, cell necrosis and severe deposition of collagen in liver and liver fibrosis [27] . Moreover, strong reactive oxygen species play a significant role in producing hepatic tissue destruction, amplifying the inflammatory response, motivating the production of profibrogenic mediators and so causing the hepatic fibrogenesis [39] .
The treatment of female mice with CCl 4 +PPE caused a detectable decrease of the collagen fibers, these effects could be related to its antioxidant, antifibrotic and antiapoptotic properties [40] . Several lines of evidence have recently proved that oxidative stress plays vital role in liver fibrosis [41] . Antioxidants are effective for preventing liver fibrogenesis [42] . Moreover, EPP's antioxidant and antifibrotic properties may be the potent therapeutic value in protecting liver tissues from fibrosis and oxidative injury [35] .
The Caspase-3, is the main executioner of programmed cell death concerned in cleavage of many apoptosis related proteins. The cleavage of many apoptosis related proteins by activated caspase-3 provides one of the most utilize diagnostics for revealing of apoptosis in most cell type [43] . In the present study, CCl 4 -treated mice showed a significant increase in caspase-3 production which indicates severe apoptosis compared to the control group. These results are in accordance with other findings showing that CCl 4 has been demonstrated to cause acute hepatotoxicity with apoptotic and necrotic hepatocellular injury and mutilation of liver function [44] . In addition, CCl 4 is able to induce oxidative stress and apoptosis, cell cycle arrest as apoptosis (caspase 3) [45] . Moreover, CCl 4 -induced cell death involved caspase-3 activation [46] . On the other hand, the treatment of CCl 4 -treated mice with PPE showed decrease in caspase-3 production. These results suggest that Pomegranate Peel protects liver tissue against CCl 4 -induced oxidative stress by both increasing the anti-apoptotic protein production and decreasing the production of apoptotic proteins. In agreement with [38] pretreatment with Pomegranate Peel reduced the induction of apoptotic proteins indicating that Pomegranate Peel decreases apoptosis in hepatocytes. The author added that Caspase-3 is the main critical mediator of apoptosis in most cell types, including hepatocytes.
CONCLUSION
In our study, we have shown that Pomegranate Peel extract cotreatment with CCl 4 has a potent protective effect against liver damage induced by CCl 4 in mice, as revealed by remarkable decrease in hepatic enzymes, serum AST and ALT levels in addition to improvement of many histopathological changes. It also decreases apoptosis by decreasing anti caspas-3 level and decreases fibrosis by decreasing collagen accumulation in the hepatic tissues.
